Groundwaters low in pH due to dissolved carbon dioxide and to acids liberated by surface waters from the upper horizons of the podsol profile have caused rapid weathering of limestone erratics occurring sporadically in glaciogenic material in the Lohja region. Especially the calcitic portion of the limestone has been dissolved and partly replaced by a brownish black earthy substance consisting of hydrous oxides of iron and manganese. Dolomitic limestone has likewise been dissolved; the calcium has gone into solution, but the magnesium has been reprecipitated.
General
The mineral matter of Quaternary deposits in Finland has generally been derived from the local crystalline bedrock. In past geological ages this bedrock was deeply weathered but the more or less loose crust has been removed and destroyed by subsequent continental glaciations. Weathered bedrock has been found in Lapland in the vicinity of the last ice-divide and farther south only in a few localities.
Thus the geology of Finland is characterized by an ancient glacially smoothed crystalline bedrock discordantly overlain by young Quaternary deposits. These deposits generally consist of almost unweathered rock debris detached from the bedrock and accumulated as a result of the last major glaciation. Only the uppermost layer of such drift accumulations has been altered since glacial times due to soil forming processes.
During the past few years in the course of the field mapping of the Quaternary deposits in the Lohja region, in southwestern Finland, the authors have found brownish black, earthy lumps ( Fig. 1) occurring sporadically in the freshly exposed surfaces of gravel pits and road cuts made in glaciogenic accumulations. The finding of a corroded nucleus of limestone inside one of the lumps established them as results of the weathering of limestone erratics. Accordingly the black lumps to be discussed in the present paper are considered to be the remains of crystalline limestone altered as the result of chemical weathering in post-glacial time. The weathered material is generally very soft and thus the limestone rocks could have withstood the rigors of transportation by fluvial agents from the outcrop to the place of deposition only in an unweathered state.
Geological setting
The bedrock of the Lohja region is Precambrian in age and consists according to Härme (1960) , Laitala (1961) , Parras (1954) , Simonen (1960) and others of acid gneisses (leptites), pyroxene gneisses, amphibolites, diorites and occasionally of microcline granites ( Fig. 2A) . In general, limestones occur sparsely in the bedrock of Finland (Eskola et.al., 1919) . However, in the study area, within the town limits of Lohja, there are important occurrences of limestone at Ojamo and Tytyri being mined for calcite by the Lohjan Kalkkitehdas company. In addition, calcitic and dolomitic lenses and inclusions are fairly common in some gneisses in the area. Thus, there are enough limestone Fig. 2A . The bedrock geology of the study area compiled from Härme (1960) , Laitala (1961) and Parras (1954) . Legend: 1) outcrops of crystalline limestone, 2) pyroxene gneisses and leptites, 3) mica gneiss, 4) amphibolites and hornblende gneiss, 5) quartz-diorites and granodiorites, and 6) microcline granites.
outcrops to account for limestone erratics in the glaciogenic material. The Quaternary deposits in the region consist mainly of sorted material (Fig. 2B) . Various accumulation forms of coarse and fine sand and less often of gravel are most abundant. Glacial and postglacial clays are also quite common. Till as well as peat occurs, however, rather sparingly. The bedrock outcrops cover 5-10 % of the total land area. The ice-marginal formation of Salpausselkä I, running through the study area, comprises the most striking topographic feature reaching heights of 105 meters above sea level. According to the observed striae, the last glacial advance in the Lohja region was towards SE. The ice margin retreated from the area approximately 9 000 yrs B. C. (Sauramo 1923 , Hyyppä 1963 . The bulk of Salpausselkä I, which formed during this stage, consists of fluvioglacial deposits, although thin layers and minor lenses of till occur in places in the proximal parts. Till occurrences are however rare in the distal parts.
Description of sampling sites
Weathered limestone boulders have been found by the authors at four different sites, three of which occur in the ice-marginal formation of Salpausselkä I (Fig. 2B) . Most of the samples were taken from marginal till or till-like accumulations in the proximal part of the formation. No limestone erratics were detected near or on the soil surface nor in shore deposits. Some samples were found in fluvioglacial material. It sould be added, that the sporadically occurring black lumps were not limited to any specific depth below the surface of the soil. Due to the limited number of observations no attempt is made to determine the statistical distribution of the weathered limestones according to the type of surficial deposit.
Sites No. 1 (till, SSE of Jusolampi) and No. 4 (partly washed till, SW of Lohja railroad station) both yielded only a single specimen of completely weathered limestone, with diameters of 7 cm and 5 cm respectively and from depths of 1.5 m and 1 m. At site No. 3 (till, at Pölans), five completely weathered limestone pebbles ranging from 2 to 6 cm in diameter were found from a depth of 1-1.3 meters. The largest number of limestone fragments were recorded from the freshly exposed vertical sides of a gravel pit dug into the proximal part of the Salpausselkä formation at site No. 2 (Fig. 3 ). The fragments, Table 1 . Also marked in the figure are the heights in meters above sea level. 4. Unweathered core of the above sample (Anal. 3). 5-7. Black weathered crust, transition zone and fresh core resp. of same sample from site No. 2 (Fig. 4) . 8-10. Fresh limestone chipped from large limestone boulders occurring on the bottom of the gravel pit at site No. 2 11-16. Soil samples from site No. 2 (Fig. 3) over 20 in number, varied in size from 1-25 centimeters in diameter. Of these only six had a diameter greater than 10 cm, and two of the largest contained a nucleus of fairly unaltered limestone (e.g. anal. No. 7 in Table 1 ) inside the brownish black weathered crust).
Investigation of samples
Samples of weathered limestones taken from the different sites marked in Fig. 2 were subjected to chemical and mineralogical studies. According to mineralogical, mainly X-ray diff- Table 1 ). The rather fresh core (anal. No. 7) of a partly weathered limestone consisted of calcite, dolomite and minor accessory silicates including some serpentine (determined microscopically). The transition zone between the black crust and the core of the same sample contained dolomite and serpentine but no calcite (anal. No. 6) This is completely in accordance with the sollubility of the carbonates, calcite being more easily dissolved than dolomite (Krauskopf 1967, p. 109) . The chemical analyses of the samples are plotted in Table 1 . In addition to the weathered sarnies, fresh limestone, chipped from large practically unweathered boulders (the weathered material has been washed away by rain, e.g. Fig. 4C ) found on the bottom of the gravel pit at site No. 2, was analyzed for the sake of reference (anal. Nos. 8-10, in Table 1 ).
To facilitate the comparison of the results, the assay data in Table 1 were multiplied by factor K = -
• The product gives the 2j -HCl respective concentrations on a »silicate-free» basis (= residue insoluble in hydrochloric acid). The recalculated values have been plotted in Table 2 .
Pure calcium carbonate contains 56 percent CaO and 44 percent C02; pure magnesium carbonate contains 47.8 percent MgO and 52.2 percent C02. These percentages have been used to calculate the ideal concentration of the C02 of the sample as though all the calcium and magnesium of the sample existed as their pure carbonates. The results are plotted in Table 2 and denoted C02 (CaC03) and C02 (MgC03) respectively. Since the loss on ignition can be used as an estimate of the C02 concentration in the analyzed samples, the difference between the cal- culated and the analyzed carbon dioxide contents, denoted C02-deficiency in fraction of the material. The results are plotted in Table 1 . The assay data of two clossely spaced samples taken from a distance of 1 cm (anal. No. 11) and 5 cm (anal. No. 12) from the surface of a weathered limestone may suggest a diffusion of iron towards the limestone. The rest of the samples (anal. Nos. 13-16) show practically no variations in the iron and mangenese concentrations. These samples were taken at distances of 0.5-1.5 meters from a black lump (Fig. 3) .
Weathering of limestone
The dissolving effect of groundwater on limestone is a common phenomenon. The active agent is generally considered to be the carbon dioxide dissolved in the water and to a large extent derived from the atmosphere. The decomposition of organic matter present in the soil may cause a considerable increase in the C02 concentration in the water (Swinnerton, 1942) . This dissolving effect was also treated by Eskola (1913) in a study dealing with the solution of crystalline limestone outcrops in southwestern Finland. He found that the thickest weathering crusts exist in limestones covered by soils permeable to groundwater. According to Eskola, weathering of a thickness of 10-15 cm is quite common, although deeper weathering occurs in limestone outcrops that have been covered by soil exhibiting a strong podsol profile. Thus in our case the disintegration of limestone erratics in glaciogenic material can be fully attributed to percolating groundwaters.
Before going into the details of the results of the present study, it is worthwhile noting that the solubility of magnesite (MgC03) is far greater than that of calcite (CaC03) which in turn is more soluble than dolomite, the double carbonate of calcium and magnesium (CaMg(C03)2). In limestone consisting of both last mentioned carbonates the calcite is dissolved considerably faster than the dolomite (e.g. Krauskopf, 1967) .
In our particular case the assay data in Table  2 show that both calcitic and dolomitic erratics have likewise been attacked by percolating solutions. However, in the actual processes of weathering the calcium and magnesium components of dolomite act quite differently. This is exemplified by the graph in Fig. 5 based on assay data from Table 2 .
With progressive weathering the calcium concentration decreases while the relative concentration of magnesium increases. In other words, in the present case of weathering, mainly calcium is removed in solution. Another noteworthy observation is that a rapid increase in the C02-deficiency occurs at a rather late stage of the weathering. It probably coincides with the solution of the final remains of calcitic material and the commencement of an accelerated weathering of the dolomitic fraction of the original limestone.
The following is an attempt to explain the processes involved in the present problem of limestone decomposition. The unaltered limestone erratics in glaciogenic material are attacked by percolating groundwaters low in pH (averaging 6-6.5 in the study area) due to dissolved carbonic and possibly other organic and inorganic acids liberated from the upper horizon of the podsol profile. The first mineral to be dissolved is calcite. The bicarbonate and calcium ions thus formed are removed by the groundwater. As a result, the limestone loses weight causing a relative increase in the magnesium concentration. The dolomite is probably mainly attacked after the calcite has been dissolved. According to Krauskopf (op. cit.) , the solution of dolomite is congruent, i.e. the following reaction takes place:
The rather striking fact is that although calcium is removed in solution magnesium is immediately re-precipitated.
Hydromagnesite Mg4(0H)2(C03)3 • 3H20 is a common precipitate of magnesium in nature when enough CO~ (i.e. dissolved carbon dioxide) is available (Krauskopf, op.cit.) . A comparison of the loss on ignition values with the MgO-values in Table 2 clearly shows that, at most, only part of the magnesium could be present as hydromagnesite. However, no hydromagnesite was detected by X-ray diffraction. This could be due to poor crystallization. The fact that serpentine was a major constituent especially in the weathered limestone mentioned previously on page 120 (cf. anal. no. 4) suggests oddly enough a reaction between Mg ++ and silica, dissolved in the percolating solutions, to form Mg3Si205(0H)4 (serpentine). It is however outside the scope of the present paper to determine the validity of such a reaction, especially since the available literature contained no records of serpentine formation at the low temperature and pressure conditions prevailing in the glaciogenic deposits.
The black substance (Figs. 1 and 3) denoting the location and shape of the former limestone erratics consists, as stated above, of hydrous oxides of iron and manganese. These were precipitated from the percolating solutions due to changes in the physicochemical conditions of the water induced by the decomposing limestone. Groundwater from the vicinity of site No 2 contained at an average 0.2 mg Fe/1 and 0.1 mg Mn/1. The soil samples from site No 2 contained approximately 1.4 % Fe203 and 0.2 % MnO in HCl-soluble form. In both cases, the iron and manganese have been leached out from the upper soil layers. At lower levels these may be precipitated either as a result of oxidation or e.g. due to a change in the pH of the solution in contact with carbonates as is the case with the brownish black earthy lumps. The actual processes leading to the concentration of iron and manganese in the voids of corroded limestone, also recorded by Eskola (1913) , must be left to future studies to solve.
Conclusions
The present study shows that any limestone erratics embedded in e.g. glaciogenic deposits will be attacked by percolating solutions. The degree of weathering is probably mainly dependant on the chemistry of the groundwater and on the permeability of the soil. In the Lohja-region all the observed limestones less than a decimeter in diameter have been completely distroyed and replaced by a brownish black earthy material consisting of various secondary minerals of iron, mangenese and magnesium, etc. The above explains why a geologist making stone counts in drift rarely recognizes limestones even in areas where these are common constituents of the Precambrian bedrock. In other words, limestone erratics need not be absent, but it seems more probable that he has failed to identify dark earthy lumps as the remains of once fresh limestones.
